Abstract.-Heterogeneous RNA (HnRNA) (ca. 10S-70S) labeled for ten minutes with 3H-uridine was identified by polyacrylamide-gel electrophoresis in the nucleoplasm of kidney cells. In the region >28S several discretely migrating species were present. Ten minutes after the removal of one kidney, labeled HnRNA >28S ("giant" HnRNA) in the remaining kidney began to decrease, and by 60 minutes it had fallen drastically. The presence of labeled giant HnRNA during a pulse label after uninephrectomy and its disappearance after longer labeling suggest that the decrease is a consequence of faster processing. Accelerated processing of giant HnRNA is antecedent to the increased synthesis of renal cytoplasmic RNA that follows uninephrectomy.
No function has heretofore been definitively associated with the heterogeneous nuclear RNA. At first it was thought to be a precursor of messenger RNA because of its rapid turnover, heterodisperse sedimentation properties, DNA-like base composition, hybridization with DNA, and presence in several varieties of plant and animal cells.'-8 If so, only a small proportion of it can function in this manner, and identification of this moiety would be difficult in the presence of the vast majority of heterogeneous RNA employed in ways as yet unknown.9' 10 Here we report the identification of this RNA in mouse kidney and present evidence that almost immediately after unilateral nephrectomy there is an acceleration in processing of nucleoplasmic HnRNA >28S as a preliminary step in compensatory renal hypertrophy.
Materials and Methods.-Preparation of nuclei and nucleoplasm: Left nephrectomy or sham operation was performed in young adult male Charles River mice. Beginning immediately thereafter and at intervals for the next 2 days the mice were labeled with an intraperitoneal injection of 250 piCi 5-'H-uridine (20 Ci/mmole, Schwarz BioResearch Co.).
Four kidneys from decapitated control and uninephrectomized mice were disrupted in 10 ml homogenization medium (0.25 M sucrose in 0.003 M MgCl2) with ten strokes of the loose pestle and ten of the tight pestle in a glass Dounce homogenizer. All procedures were carried out at 41C. The volume was doubled with homogenization medium and the mixture was centrifuged at 1000 X g for 3 min.
Resuspended pellets were washed three times by centrifugation, and nuclei were separated by a modification of the method of Chauveau et al."1 The pellets were resuspended in 7 ml of 2.2 M sucrose (0.00005 M CaC12, 0.001 M MgCl2) with three strokes of a TenBroeck homogenizer for transfer to a cellulose nitrate tube that fit the Spinco SW41 rotor. After being filled with homogenization medium above the 2.2 M sucrose suspension, the tubes were centrifuged at 40,000 rpm for 25 min to deposit the nuclei in a pellet directly at the bottom. The supernatant was decanted, and the tube was cut over the pellet, which was resuspended in 3 ml homogenization medium and 0.45 ml of a mixture of 10% Tween 40 and 10% deoxycholate (2:1), and briefly agitated.'2 Ten ml homogenization medium was added, and the pellet was deposited by low-speed centrifugation as before.
The purified pellet of nuclei was then digested with electrophoretically purified DNase (100 ,ug, Worthington Biochemical Co.) in 1 ml high-salt buffer (0.01 M Tris, pH 7.4, 0.5 M NaCl, 0.05 M MgCl2) for 30 min. Separation of nucleoplasm from nucleoli was effected by layering the digest on an 11-ml, linear 15-30% sucrose gradient in high-salt buffer and centrifuging for 15 min at 22,000 rpm (Spinco SW-41 rotor). The nucleoli at the bottom were reserved, and the nucleoplasmic RNA was precipitated from the supernatant with 2 volumes of ethanol at -20'C and collected by centrifugation.
Extraction of RNA: Iced precipitate was suspended with 2 ml of a buffer containing 0.01 M Tris, pH 7.4, 0.1 M NaCl, 0.001 M EDTA. Sodium dodecyl sulfate (SDS) was added to 0.5% and stirred continuously at 30'C until the mixture cleared (about 2 min).
An equal volume of phenol (Mallinckrodt 88%) was immediately added, and extraction was performed as described by Penman, 12 except that the temperature was 220C. Before precipitation with ethanol, 1/2 vol of 5 X high-salt buffer was added to chelate the EDTA.
(Kidney RNA could not be recovered undegraded from extractions at higher temperatures.) Phenol-extracted RNA was dissolved in 1 ml 10 X RSB buffer (RSB is 0.01 M Tris, pH 7.4, 0.01 M NaCl, 0.0015 M MgCl2) and again digested with DNase for 10 min at 4VC. After the addition of SDS to 0.5% and EDTA to 0.01 M, an equal volume of phenol was added and another extraction carried out, after which the purified RNA was precipitated by ethanol.
Display of RNA: All phenol-extracted RNA recovered was layered on a 2.8% acrylamide gel'3 run at 5 ma/gel for the periods specified in the figures. Gels automatically scanned at 260 miu were sliced, and the slices were hydrolyzed for 2 hr with 0.5 ml conc. NH4OH. 13 The hydrolysate was mixed with 10 ml Aquafluor (Pilot Chemical Co.), and the radioactivity was counted in a Nuclear-Chicago Mark I spectrometer.
Results.-Labeling with 3H-uridine for one hour normally results in the incorporation of radioactivity into all species of kidney RNA from precursors to finished products.'4 The nucleoplasm of mouse kidney cells in the present experiments contained 18S and 28S RNA, identified by parallel electrophoresis with cytoplasmic RNA, in amounts detectable by absorbance measurements. In normal kidneys labeled for ten minutes with 3H-uridine, heterogeneous RNA of high specific activity was the only radioactive nucleoplasmic RNA (Fig. 1,  left) . After 60 minutes of labeling, 28S RNA-but not 18S-was also labeled (Fig. 2, left) . Experiments in which longer periods of electrophoresis were used showed that the HnRNA was composed of several discrete species and that molecules with nominal sedimentation values > 50S entered the gel (Fig. 3) .
In animals uninephrectomized two days earlier, labeling for ten minutes showed a decreased amount of label in giant HnRNA (Fig. 1) . When labeling was for 60 minutes (Fig. 2) , practically no HnRNA >28S could be detected in the uninephrectomized animals. The absence of labeled giant HnRNA was also demonstrated in a 60-minute label one hour after uninephrectomy, although the pattern of labeling was normal 10 minutes after uninephrectomy (Fig. 4) .
Discussion.-The nucleoplasm of mouse kidney cells therefore contains a heterodisperse (10S-70S), rapidly labeled RNA similar in these characteristics to the HnRNA recognized in duck erythroblasts, cultured cells, amphibian embryos, and insects.'-8 In retrospect, HnRNA has probably been identified in rat liver as well.'-5'8
In a ten-minute exposure to 3H-uridine, heterogeneous RNA is the major species of mouse kidney RNA labeled; much less label appears in the nucleoli. Gel electrophoresis for six hours to attributed to these separate species; their roles might also be discrete, and kinetic experiments and analyses of base ratios might show how they differ.
For at least two days after uninephrectomy, practically no labeling of HnRNA migrating slower than 28S is demonstrable when animals are labeled for 60 minutes with 3H-uridine. In a pulse of only ten minutes, the heavy highspecific-activity molecules are present, though in an amount decreased relative to the molecules migrating faster than 28S. The decrease is present as early as one hour after uninephrectomy. From the fact that renoprival mice labeled for ten minutes with high-specific-activity uridine (_1.08 mole/animal) have radioactive HnRNA > 28S and that the label is virtually gone in 60 minutes, we infer that uninephrectomy speeds processing of giant HnRNA rather than inhibiting its synthesis; giant HnRNA is probably broken down9 or transported elsewhere more rapidly in uninephrectomized than in control animals. Changes in pool sizes themselves cannot be responsible for the diminished label in giant HnRNA after nephrectomy, unless the pools are compartmented, because HnRNA with electrophoretic mobility < 18S actually seems to be labeled faster after uninephrectomy.
In addition to the use of a precursor of high specific activity to obtain these results, modifications of conventional methods of preparing RNA were necessary in order to avoid degradation by the active nucleases in kidney. 25 Many of the peculiarities of gene control in animal cells may be related to the poorly understood pathways of HnRNA metabolism.9 That the population of messenger and nuclear RNA's changes during differentiation, regeneration, and carcinogenesis seems clear;26-29 but inferences derived from competitive hybridization experiments about the species of RNA involved are not exact. The experiments reported in this paper show that the metabolism of giant nucleoplasmic RNA is specifically affected at the onset of renal compensation. This may be a more general feature of the regulation of organ growth. Its occurrence within an hour of uninephrectomy is additional evidence in support of the hypothesis that loss of renal tissue almost immediately initiates the events leading to compensatory hypertrophy.
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